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|. Overview

Inthe past severd years, there has been growing public support for improvementsto the quality
of the pededtrian and bicycle environment, expressed in sharply higher investment in projects
encouraging of suchtravel. Many locd, regiond, and state authorities are beginning to pay attention to
how non-motorized transportation can help address community problems with traffic congegtion, air
qudity, hedth, safety, and the vitdity of neighborhood commerciad areas. Intermoda Surface
Trangportation Efficiency Act (ISTEA) and the trangportation conformity provisions of the Clean Air
Act a0 have provided support for theselocd initiativesby providing funding flexibility and encouraging
investments and policies that reduce the need for motor vehicle travel.

Theregiona trangportation and air quality planning requirements established under these laws
promote grester consideration and encouragement of non-motorized travel options as part of Maor
Investment Studies, as well asin regiond and state transportation plans and programs. In areas with
serious ar qudity problems, the emisson impacts of trangportation plans and programs must be
eva uated to assure contributions towards hedlthier air.

However, evauating the effects of bicycle/pedestrian infrastructure and programs on travel
behavior and emissonsisingenera apoorly developed science. Traditiond travel demand and supply
models for metropolitan planning have ignored walking and bicyclesastravel modes. Little datahave
been collected on non-motorized travel and the factors that influence whether people find walking or
bicyclingto beaviable option. Hence, where bicycle/pedestrian projects have been eva uated, ad hoc
techniques have been used, often without agood empirical basis. In most cases, these andyses have
had serious deficiencies and havelacked sensitivity to multiplefactorsthat areimportant determinants of
travel behavior. This has led to serious mis-estimation of emission and travel impacts and frequently
impeded adoption of sound plans and policies sought by the public and a growing number of dected
officas. Reform of these andytic techniques should beahigh priority in the trangportation planning and
enginesring community.

This paper reviewstypica techniquesin usetoday for estimating the travel behavior effects of
bicycle and pededtrian facilities and programs and other factors that influence use of non-motorized
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travel modes and offers suggestions for near-term advances in the state- of-the-art and state- of-the-
practice.

I. Current Modeling Practices

There are severd principa approaches that have been used to evauate the effects of
trangportation policies and infrastructure on bicycle and pedestrian travel. Some anaysts have used
regression analysisto relate aggregate travel behavior to other trangportation and land usedata. Others
have used market-share diverson andyds to evduate potentid diverson of automobile tripsto walk
and bike, usudly assuming varying moda diversion based on trip length, with fixed trip digtributions.
The third and most robust approach is discrete choice analyss, ether based on aggregate or
disaggregate data. In practice, inadequacies of both data and modeling frameworks have led to less
than satisfactory performance for dl of these methods in the American metropolitan planning context,
athough the latter gpproach offers the greatest promise for refinement.

Experience in cities such as Davis, Cdifornia, and Copenhagen, Denmark, show that
redllocation of street space and development of comprehensive cycling networks can have a profound
effect in diverting car tripsto the bicycle and that bicycle access can promote dramatic expansion of
trandt catchment areas. In Copenhagen, acity of 1.7 million people, road building was abandoned in
theearly 1970s, large numbers of bus priority laneswereintroduced, and acomprehensive network of
segregated cycle paths built. The result was a 10% fal intraffic snce 1970 and an 80% increasein the
use of bicycles since 1980. About one-third of commuters now use cars, one-third public transport,
and one-third bicycles. Cycling accidents have decreased dightly, despite the increase in mileage,
because of the network of cycle paths, which in many caseswere created by redllocating arterid street
space from cars.* Had Copenhagen embarked on magjor highway expansionsin recent decades, surely
energy use and emissions would be far higher than they are today. |If the trangportation models and
methods common to most U.S. metropolitan regions today were used to evauate the effects of
Copenhagen'’ s palicies, they would not just underestimate the emission benefits of these policies, they
would predict the exact opposite of the red world effect of these policies, producing dire forecasts of
sharply higher ar pallution emissions and traffic congestion.

Theeffect of restructuring street space in the context of other supportive trangportation and land
use policiesis not just a European phenomenon. Indeed, in Davis, Cdifornig, the share of trips made
by bicycle has experienced comparable growth in the same period in response to conscious public
policy choices. Davis, Cdifornia, atown of 50,000 people near Sacramento, illustratesasuccesstul full
traffic cdl sysem which has cut highway capacity sgnificantly in the vicinity of the Universty of
Cdiforniaand town center to increase walk and bicycle use. Bicycle use grew sharply in the 1960s,
leading to ection of a pro-bikeway City Council in 1966. Demonstration bikelanes proved popular
and were quickly extended. In addition to the UC Davis traffic cell and bicycle network, the City of
Davis now has 37 miles of bicycle lanes and 29 miles of bicycle pathsin an interconnected network.
Parkingislimited and costsdriverson the UC Davis campus. Bus, van, and commuter rail servicesoffer
other aternatives to the automobile. Davis has prohibited development of shopping centers near the
freeway, retaining a vibrant pedestrian-oriented downtown commercia area. Asaresult, 27% of UC
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Davis employees and 53% of UC Davis students use bicycles as their primary commute mode. Of
thosewho liveand work in Davis, 44% hicycletowork. The City Planning Department estimatesthat
25% of dl persontripsinthe city are by bicycle. Wak sharesin the city are dso high—on the order of
10-20%. Clearly arr pollution and traffic have been reduced by restricting and reducing highway

cagpacity in Davis.

Yet even with the best currently used gpproach to incorporating pedestrian and bicycle
friendliness into regiona trangportation models, the Sacramento regiond travel modd must include a
specid geographic variable for Davis to match the observed use of non-motorized modes, which far
exceeds what the modd would otherwise predict. Clearly, there is need for more research and model
development to produce satisfactory andyss tools sengtive to the effects of factors influencing norn+
motorized travel. Until these are developed, air qudity and trangportation evauation, congestion
management systems, and community and regiond planning work dependent on computer
transportation models will a best ignore or underestimate the potentid for reintegrating walking and
bicydling into American communities.

A. Regression Analysis

The smplest approach to evauating non-motorized mode potential isto useregression analyss
againg recent aggregate data.  An example of this gpproach is work done by a consultant to
PennsylvaniaDOT, which has since been adapted by CATS, the Chicago area M etropolitan Planning
Organization (MPO), tolllinois. Thisapproach ischaracterized by relaing observed aggregate bicycle
use data at the jurisdiction leve (usudly Census Journey-to-Work bike or walk mode share) to other
aggregatevariables, such asresdentid dengty, characterigtic topography of towns, or metropolitan area
gze. A presentation of thisagpproach was made at the 1995 Transportation Research Board meeting in
Washington, D.C.

Thishighly aggregeate nature of this gpproach makesit useful principdly for firs- stageresearch
evauding factorsthat may influence differencesin travel moda dependenciesin different regions. This
gpproach isless useful for project or program evauation, since it generaly just describes the current
gross patterns of observed travel behavior in different places.

B. Market-Share Diversion Analysis

Thisgpproach ischaracterized by evauation of trip-length distributions by mode and the use of
andyd judgement to make assumptions about potentid mode switching that might be induced by a
policy/investment change. This gpproach can be goplied inamore or lessrigorous manner in defining
the market potentidly affected by afacility or policy. Unfortunately, with this method, the sometimes
questionable judgement of the transportation andlyst can lead to poor estimates of program or project
effects.

Severd recent evaluations have used this gpproach. A typica caseiswork done by aconsultant
for the Metropolitan Washington Council of Governments (WashCOG). 2 Without supporting
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evidence, the andyst eva uating the Bicycle Element of the WashCOG Long- Range Trangportation Plan
assumed that the plan would have no effect on trip distribution and would produce no reductionin non
work vehicletravel, with only minima diversion of work trips.® These assumptionswere made despite
the plan’s explicit objective of producing a 5% mode share for bicyclesin the year 2000. Applying a
ample market-share diverson analyss, the andyst concluded the plan would produce a less than
0.15% changeintotd regiond trips. Itisnot surprisng thet the resulting estimate of cost- effectiveness
of thisbicycle plan wasvery low, at $66,500 per ton of Volatile Organic Compound (V OC) reduction.
Not only were the estimated travel demand effects|ow-baled by completdy ignoring non-work travel
reductions and understating potentia work travel impacts, but the same andyst assumed thesefacilities
operated only 250 days a year and sgnificantly underestimated the facility life at 10 years. Other
andysts making empiricaly defengble assumptions different than these could estimate the cost
effectivenessto beasmuch astwenty timesgreater. Unfortunatdy, thisandysswasburied inamass of
other eva uations and the underlying assumptionswent generdly unquestioned. Thiswork made use of
ample graphica andyss tools and sdected aggregate outputs from the regiond MINUTP-based
transportation modd!.

Another example of market share diverson analyssis work done by Stuart Goldsmith of the
Sedtle Enginearing Department,  which is being used asamodel by some other bicydle planners, for
example in Portland, Oregon. This work evaluated a specific set of bicycle lanes based on the
geographicaly specific travel market areathey would affect, estimating the number of potentid bicycle
commuters using stated preference (SP) survey data on the number of people who said safer bicycle
facilitieswould encouragethem to bicycle commute. Norrwork Single Occupant Vehicle (SOV) trips
diverted to utilitarian bicycle trips by the bicycle lanes were dso estimated using data on market shed,
the share of resdents owning bicycles, the share of these individuas using their bicydesfor utilitarian
trips, SP survey data on effects of safer facilities, and assumptions about moda subgtitution and trip
length. This work has made use of soreadsheet software for development and implementation,
complemented by datafrom the regond travel demand models, coded and implemented in EMME/2.
While more sophisticated than the andysis for WashCOG, this gpproach il ignores the potentia for
dtering trip destination choice, synergism with other travel demand management Strategies o even
anticipated increasesin roadway congestion.

As a quick andysis technique, this approach can produce reasonable results if the anayst
makes gppropriate assumptions, but it cannot easlly account for potential changes in the spatia
digtribution of trip ends and trip length digtribution that mgor changes in pedestrian and bicycle

& The andyst assumed at most a 10% increase in the share of Home Based Work walk/bike trips
less than one mile, an 8% increase in the share of HBW walk/bike trips 1-2 mileslength, a 4-6%
increase for 2-4 mileftrips, a 1-2% increase for 4-6 mile trips, and no changein trave for longer work

trips.
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friendlinessand other strong travel demand management srategies caninduce, nor for changesintime-
of-day of travel. Thus, this gpproach is destined to remain in the redm of sketch planning.

C. Discrete Choice Modeling

Thisapproach recognizesthe potentia of walking and bicycling aslegitimateformsof travel and
seeksto integrate these modes into conventiond regiond transportation planning models. The best of
these efforts have used indicators of pedestrian/bicycle friendliness aong with fuller information on
dternative regiond trangportation choices. Intime, first sage quditative indicators are being replaced
by more rigoroudy measured quantitative factors, often estimated by use of geographic information
systems (GIS), stated preference surveys, and other techniques.

In mogt U.S. cities, trangportation models consider only travel time and cost of competing
modes, ignoring the qudity of the pedestrian and cycling environment and frequently treating the
proximity of jobs and households to trandgit in a best crude manner. However, recent research and
model development in severd regions provides strong evidence that transportation modelers can
improve their mode's abilities to replicate observed travel patterns and behavior by including more
indicators of pedestrian and bicyclefriendliness. Such enhancement providesmore defensibleand policy
sengtive andyds of ar qudity effects of trangportation plans and programs than ad hoc methods used
elsawhere.

A smadl but growing number of planning agenciesinthe U.S,, Europe, and Asahave developed
regiond travel demand models that represent pedestrian and/or bicycle friendliness through quditetive
or quantitative indicators, making these tools somewhat policy-sendgtive to the potentid for
improvements in pededtrian and/or bicycle facilities and rdlated community design dements. These
include the Maryland-National Capital Park and Planning Commisson (M-NCPPC) in Montgomery
County, Maryland; METRO, the regiond government in Portland, Oregon; the Sacramento Area
Council of Governmentsin Cdifornia; and regiond planning agenciesin Sweden and Shangha, China.

Montgomery County’s Pedestrian Friendlinessindex. TheM-NCPPCin Montgomery
County, Maryland, amunicipality of 750,000 peopleimmediately north of Washington, D.C., in 1987
devel oped a Pedestrian and Bicycle Friendliness Index (PFI) as part of an AM peak hour work trip
logit mode choice modd. Thisindex isascoreindependently assgned to dl traffic zonesin the region
based on the availability of sdewalks, bicycle paths, and bus stop shelters, the extent of building set-
backs from the street, and the heterogeneity of land use a alocd leve. * Thisindex wasfound to be
highly datidicaly significant and explained much of the variation in auto-transt mode choice not
accounted for by another mode choice modd which focused soldly on travel time and cost factors,
ignoring transit access conditions at the home and workplacetrip ends. The index was used with travel
distance datato develop a crude wak/bike mode choice modd. Thismodd was coded and run using
the EMME/2 software package.

Toreflect thelikely effects of dternative pedestrian and trangt- oriented devel opment scenario
as part of the Montgomery County Comprehensive Growth Policy Study, M-NCPPC analysts made
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severd adjustments to the modd inputs. They assumed that in the most pedestrian-friendly centra
areas the PFl might increase above the maximum level of 0.5-0.6 assumed to exist in the Washington,
D.C. region in the late 1980s, to afuture level of ashigh as0.8. Thiswas thought to represent akey
part of the effect of possibletraffic cadming and devel opment of limited automobile restricted downtown
areas. Walk egress times in these areas were aso increased from 2 to 5 minutes to reflect scarcer
parking and automobile limitations. Automobile ownership levels were adjusted dightly downwards
from 1985 leve sin zones assumed to have much higher levelsof trangt, walk, and bicycle accessinthe
future. This contrasted with dight further growth in household automobile ownership levels projected
for atrend scenario. In evauating the trend scenario, the PRI and automobile egress times were held
congtant a 1985 levels. The study concluded on the basis of extensve modeling and eva uation that the
county would face unacceptable growth in pesk traffic congestion if planned growth patterns were
followed, even a dower growth rates, unless measures were taken to orient future growth around an
expanded trangt network, to improve pedestrian and bicycle friendliness, and to shift commuter
subsidies and pricing policies to favor dterndtives to sngle occupant vehicle travel.

Tosupport initiativesto increase s dewak congtruction and morefully incorporate the needs of
pededtrians into trangportation planning, the Montgomery County Planning Department (MCPD)
developed a computerized geographic information system (GIS) database on side- walks.®> These
data have been used in the county's efforts in growth management, master planning, transportation
andyss, and capitd improvements planning.  Until the development of the Montgomery County
sdewak database, there was only limited and fragmentary information available on where sdewaks
exised and where they were lacking acrossthe county. A quick and low-cost comprehensive survey,
collected by two summer interns who spent 6 weeks driving on nearly every road in the county,
provided raw data for the inventory. These interns marked up small-scale street maps with a dozen
colorsof ink to code each road segment for the presence or absence of sidewa ks on oneor both sides
of the street, sdewak width (under or over three feet), and the presence or absence of a buffer
between street and sdewalk (of under or over threefeet), and open vs. closed road sections. Withthis
data, GIS software was used to produce maps of roads by sdewak status at various scales of
resolution, aswell as sorted listings of street blocks by sdewak classfication. The foundation of the
databaseisthe TIGER file used to enumerate householdsin the 1990 U.S. Census, alow-cost product
available from the Census Bureau, which describes nearly dl roadsinthe U.S. Theinventory reveded
that nearly 60% of the road links in the County have no sdewaks and only 37% of road links have
ddewaks on both sides of the direet, and that there iswide variation in the availability of Sdewaksin
different parts of the County. The sidewak ratio was found to be a satidicaly sgnificant factor in
explaining whether people wak-to-trangt, drive-to-trangt, or driveacar towork, andisbeingusedin
Montgomery County’s latest trangportation forecasting models.

Portland METRO’s PEF. A Pededrian Environment Factor (PEF) is being used in
transportation modding in Portland, Oregon, by the METRO planning agency. The PEF was defined by
local plannerswho scored each zoneona 1 to 3 scalefor sdewak continuity, ease of street crossings,
locd dreet characterigtics (grid vs. cul-de-sac), and topography. These were summed to indicate
overal pedestrian environment conditions, with scores ranging from 4 (poor) to 12 (good). The PEF
proved to be asgnificant factor in determining automobile ownership, which itsdf isapowerful factor
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influencing trangt ridership. It was found that in an areawhere walk trips can be more easlly made, the
need for an automobileisless. The use of the PEF dso improved the ability of Portland’ smode choice
modelsto estimate walk and trangt trips. Residentia and employment dengty and proximity factors,
such asretal employment within one mile, enter into Portland's model s separate from the PEF and are
aso important indicators of mode choice and automobile ownership. © Thismode was coded and run
usng the EMME/2 software package.

A mgor foundation and FHWA - sponsored study, “Making the Land Use Transportation Air
Quadity Connection,” (LUTRAQ) deve oped and used thisenhanced transportation modd to evauatea
proposed western bypass highway around the west side of Portland, Oregon, vs. a trangt and
pedestrian oriented development aternative. This study showed that trangit and pedestrian oriented
urban design andinfill development and theretrofit of pedestrian improvementsto automobile-oriented
suburbs can have significant effects on travel behavior sufficient to eiminate the need to build new ring
freeways, particularly when reinforced by sengble economic and pricing incentives, such as modest
parking charges and reduced trangt fares that begin to leve the playing field between travel modes.
Totd vehicletrips per household in the TODswere 6.05 per day, compared to 7.09 outsde the TODs
under the LUTRAQ scenario and 7.7 with either the Bypassor No Action dternative. The LUTRAQ
scenario reduced VMT in the sudy area by dmost 14% compared with the Bypass dternative and
reduced Vehicle Hours of Trave in the PM peak hour by dmost 8%. Even greater effects on travel
behavior can be expected when these measures are combined with bicycle improvements, stronger
economic incentives, more effective parking management, introduction of neighborhood vehicles, and
further shiftsin land use policies to favor infill housing and commercid development. The LUTRAQ
andysis indicated these Transportation Demand Management (TDM) measures accounted for about
30% of theincreasein non-automobile driver mode sharesfor dl tripsand about 55% of theincreasein
non-automobile work trip mode shares, not counting the corrections for underestimated walk trips,
which would further increase the effects of the design measures. *

The LUTRAQ mode incorporated measures of pedestrian friendliness but underestimated the
potentia to shift short car tripsto pedestrian trips. Thiswas due to acknowledged under-reporting of
walk tripsin the 1985 Portland household travel survey data® and the assumption that nowherein the
region would pedestrian friendliness be better than it istoday in downtown Portland (i.e. the maximum
PEF was set to 12). Clearly, Portland neighborhoods could become far more pedestrian friendly than
observed today. Theunderestimation of wak/biketripswasaso afunction of thelack of integration of
the pedestrian mode choice modd with the auto/trangt mode choice model—pedestrian trips are
subtracted out of total persontripsina* pre-mode-choice” model step evenintheenhanced LUTRAQ
mode. Thus, while pricing and other TDM measures could divert auto tripsto trangt or ridesharing,
these pricing and TDM measures played no role in the walk or bike mode choice estimation process,
which clearly should be sengitive to such things as parking cost and availability, especidly for shorter
trips. Despite these shortcomings, the LUTRAQ anaysis showed that modest improvement in the
qudity of the pedestrian environment adone could reducethe Vehicle Miles of Travel in suburban zones
by about 10%. Variation in building orientation at the zond level wasdso found to account for changes
of 10% or morein VMT per household. °
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The LUTRAQ modd was unable to reflect potentid improvement of bicycle friendliness,
bicycle access to trangit, or encouraging bicycle use, due to the lack of available loca empiricd data.
The Portland, Oregon, regiona government (Metro) ismoving forward to develop GI'S- bassd methods
for incorporating additiona pedestrian and bicycle rdaed factorsinto their long range planning analyses.

SacramentoModel. SACOG’ smodd was developed in 1994, based to asignificant degree
on the Portland, Oregon, modd, and incorporates a Pedestrian Environment Factor (PEF). Thismodel
was coded and run using the MINUTP software package. It is notable that this modd would
subgtantialy underestimate non-motorized travel in the region's most bicycle and pedestrian friendly
center, Davis, where dmost one in three tripsis by bicycle, were it not for the inclusion of a specia
“Davisfactor.” This highly sgnificant binary varigbleis applied only to the satdllite city of Davis, 20
miles from downtown Sacramento, in order to “correct” for that town’s specia conditions. One key
factor may be the “traffic cdl” that has been created in Davis, which forces car treffic to travel
circuitoudy around the centrd areawhile alowing direct connections on avery high qudity bicycleand
pedestrian network on the UC Davis campus, which isthe mgor employment center. Other likely key
factors are the extensve separated bikeway network that extends throughout the town, the bicycle-
friendly climate of opinion in Davis, the parking pricing and parking management systems, and the
zoning restrictionsthat have minimized freeway/automobile-oriented retail development and preserved
the town center's business digtrict. These factors could and should be evauated in further model
refinement, using available Geographic Information System (GIS) and travel survey data.™

Experience Outside the U.S. Many European regiona modes include wak and bicycle
travel inabascway. Whilemany Dutch moded ers have devel oped bicycle network traffic assgnments
to support bikeway planning, the development of infrastructure sengtive demand modelsis less well
edtablished. Some work in Rotterdam has been reported to this author, but documentation is not
reedily available.

Many German models, for exampleal of those developed usngthe VISEM (TRIPS) software
(now aso being marketed in the US), explicitly account for walk and bicycdletripsintrip estimation, but
do not generdly ded with bicycle traffic assgnment, and ded with wak assgnment only in centra
pedestrian oriented areas. VISEM is an activity chain based traffic demand mode that consdersthe
relative frequency of distances by mode of transportation for seven different groups of tripmakers
(employees vs. nonemployed, with or without cars; students above vs. below 18 years age; and
apprentices), but recommends use of loca survey data to calibrate maximum likelihood estimates for
thesevaues. Applications of VISEM have not to dateincluded asupply quality variablefor pedestrian
or bicycletravel, athough the modd structure could be adapted to this. VISEM’ sdeve opers suggest
that improved bicycle facilities or safety measures for non-motorized travel might be reflected in their
mode structure through modification of logit modd parameters, changesto the accessand egresstimes
of the affected zones, and changes in the coding of mode speed or trave time for specific origin-
degtination pairs. Indeed, these same approaches could be used in most conventional U.S.
transportation models that explicitly include non-motorized travel modes and their attributes. ™
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Some Swedishregiona trangportation modds, for example some devel oped by Stephan Algers
of Transek AB, include travel demand models for bicycles as a separate travel mode. As of severd
yearsago, thiswasasmple modd wherethe share of trips betweenan origin and destination by bicyde
was a function of distance and the share of the trip that could be made on separate bicycle facilities,
among other factors, in a nested logit modd. Many of these models are coded and run using the
EMME/2 software package.

In Shanghai, China, Barton-Aschman and INRO consultants collaborated to develop abicycle
network and travel demand modd to evauate transportation plans and projects in the framework of
EMME/2 software in the mid and late 1980s. Bicycle travel demand was a function of trip distance,
time, and severd other factorsas part of what thisauthor believeswas an otherwisetypicaly structured
four step travel demand mode with logit mode choice, with separate bicycle, automobile, and transit
trip assgnments to the network.

[11. Modeling Emission Impacts of Factors Influencing Pedestrian and Bicycle Travel

Problemsin evauating the travel behavior effects of factorsinfluencing walking and bicycling
are compounded when conventional emisson factor models are used to evauate some of these
drategies. In America, most evauation of mobile source emissonsrdieson Environmenta Protection
Agency (EPA’s) MOBILE modd or EMFACT, the Cdiforniaequivaent. These models depend on
speed factor adjustment curvesto eva uate how emissonswill changewith changesin vehicle operating
gpeed. However, recent research by EPA and the California Air Resources Board indicatesthat these
speed factor adjustment curves are not very robust and frequently lead to improper estimates of
emisson changes. Thisisaparticular problem inthe eva uation of some measures supportive of walking
and bicycling, such astraffic cdming and traffic cells, which since the 1970s have become widespread
in Europe and are beginning to take greater root in the U.S.

Traffic caming encompasses awide range of techniquesfor dowing down motor vehidetraffic
to provide an environment more supportive of waking and bicycling and safer for children, the elderly,
and others. Traffic calming measures include narrowing roadways, reducing speed limits, introducing
curvilinear dements in formerly straight street to dow traffic, and changing the verticd profile of the
dreet with elements such as raised intersection tables for pedestrian and bicycle path crossings.
Although the EPA MOBILE mode would indicate that dowing down traffic typicaly increases
emissions, empirica research indicates the opposite in many cases. Research in Germany has shown
that the greater the speed of vehides in built-up aress, the higher is the incidence of acceleration,
decderation and braking, dl of which increase air pollution. German research indicates that traffic
caming reduces idle times by 15%, gear changing by 12%, brake use by 14%, and gasoline use by
12%. *? Thisdower and calmer style of driving reduces emissions, asdemonstrated by an evauationin
Buxtehude, Germany. The table below shows the rdative change in emissions and fud use when the
gpeed limit is cut from 50 kmvh (30 mph) to 30 krmvh (20 mph), for two different driving styles. Even
aggressve driving under the dower speed limit produces lower emissons (but higher fud use) than
under the higher speed limit, although calm driving produces greeter reductionsfor most emissonsand
net fud savings™
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Moreover, by encouraging more use of waking and bicycling and reducing the advantage
offered by the automobilefor short tripsre ativeto these dternatives, traffic caming usudly reducesthe
number of trips, trip starts, and VMT. Applied on a widespread basis in conjunction with trangt
improvementsand transportation pricing changes, traffic caming may contribute aswell to areductionin
household automohbile ownership levels, further reducing emissons and travel demand. Thus, evenin
circumstances where individua vehicle emissons per mile traveled increase due to more aggressive
accderation, braking, and use of second gear, traffic caming will likely lead to overdl emission
reductions due to its influence on travel demand.

A recent FHWA report discusses the German experience with traffic calming in six citiesand
townsin the early 1980s.

“Theinitid reports showed that witha

Changein Vehicle Emissons and Fuel Usewith reduction of speed from 37 kimvh (23
Speed Change from 50 km/h to 30 km/h mph) to 20 kmth (12 mph), traffic
volume remained congtant, but there

Emisson Type Driving Style wasa60% decreaseininjuries, and a
43% to 53% reduction in fatdities.

2nd Gear | 3rd Gear Air pollution decreased between 10%

Aggressve Cdm and 50%. The German Auto Club,

their own research which showed

HC -10% -22% broad acceptance dfter initid
oppostion by the motoridts.

NOX -32% -48% Interviews of residents and motorists
Fud Use +7% -7% in the traffic camed areas showed

that the percentage of motorists who
consdered a 30 km/h (18 mph)
speed limit acceptable grew from
27% before implementation to 67%
dter  implementation, while the
percentage of receptive residents grew from 30% to 75%.”*

This experience of initid skepticism of traffic caming, followed by its widespread popularity
after implementation, has been experienced in hundreds of communities across Europe, Jgpan, and
Audrdia, dongwith thefew U.S. communitieswhich have adopted such Strategies, such asPalo Alto,
Cdifornia, and Sesttle, Washington. Unfortunately, most U.S. transportation models and evauation
methodsareill-suited to reflect theseempirica effects. Work isneeded by EPA and othersto evauate
traffic cAming effects on emissions and travel behavior in varied American community Ssettings.

Many places in Europe and Japan—from cities like Goteborg, Sweden, and Hannover,

Germany to Osaka, Japan, from suburban new towns such as Houten, Netherlands, to established
automobile- oriented suburban centerslike Davis, California—have successtully implemented traffic cdll

84



sysems. Thesetypicaly consst of aset of radia pedestrian, bicycle, and trandt-only streets focused
onacentral area. While pedestrians, bicyclists, and public trangportation can fregly crossthese Streets,
automobile traffic cannot, but must instead use aring road around the center. Traffic cell sysems are
veay effective a diminating through traffic in centrd areas and shifting short automobile trips in the
centrd area to walking, bicycling, and public transportation, significantly reducing cold start and
evaporaive emissons. By reducing centrd areatraffic and increasing street space dedicated towalking,
bicyding, and public trangportation, these ternatives become more attractive and parking requirements
in the centrd area diminish. Success in reducing environmenta impacts is dependent on curbing
automobile-oriented peripheral development.

Goteborg, Sweden, introduced traffic cdls in mid-1970s together with priority for public
transport a signas, new suburb-to-downtown express bus service, and centra area parking controls.
Traffic accidentswere reduced 36%, noise was cut from 74 to 67 db in the main shopping street, peak
CO levels dropped 9%, 17% fewer cars entered the center city, weekday trangt trips to the center
were up 6%, traffic on the inner ring road was up 25%, and the costs of running public transport went
down 2%. Nagoya, Japan, introduced traffic cdlsin resdentid areasin the mid 1970s, together with
computer managed Sgnd system, buslanes, buspriority a signds, saggered work hours, and parking
regulation. Thisresulted ina17% increasein traffic speeds on main roads covered by thesignd sysem,
a3%increasein busridership. Traffic deathsin traffic cell areasfell 58%, 15% fewer cars entered the
central areain the morning peak, and auto-related air pollution decreased by 16%.

The Downtown Crossing pedestrian zone, in Boston, Massachusetts, is a limited traffic cdll
serving acoreareawith 125,000 employees. Eleven blocksof the central businessdistrict were closed
to trafficin 1978, while sepsweretaken to improve trangt service and parking management. Inthefirst
year, there was a 5% increase in visitors to the area, a 19% increase in weekday shop purchases, a
30% increase in weeknight purchases, an 11% increase in Saturday purchases, a 21% increase in
walking tripsto the area, a 6% increase in trangit trips to the area, a 38% decrease in auto tripsto the
area, and no increasein traffic congestion on adjacent streets, thanksto eimination of on-street parking
and gtricter parking enforcement on nearby traffic Streets.

Clearly, more research is needed on how to incorporate strategies like traffic cells and traffic
caming into regiond transportation models. DOT and EPA, dong with locd, regiond, and ae
agencies, should cooperate in advancing our knowledge in this area and integrating into mainstream
planning and program evauation practices.

V. Measuring Bicycle Friendliness

In the past severa years, some andysts have worked to develop indicatorsof bicycle Leve of
Searvice (LOS), bicycdefriendliness, bicyclestresslevd, bicycle suitability of sreets, andthelike. Some
of these have been used to help create consumer-oriented bicycle maps, while others have been
developed for modeling and facility need identification purposes. Bruce Epperson, a Senior
Trangportation Planner at the Miami Urbanized AreaM PO, recently summarized much of thisresearch.
1 However, little of thiswork has been integrated with regiond travel demand model development.
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Alex Sorton, a Northwestern University Traffic Indtitute, and Tom Wash, from Madison,
Wisconsin, DOT, have devel oped the concept of “ stresslevels’ to estimatethe re ative compatibility of
roadways and different types of bicycligs. Ther stress level index, ranging from 1to 5, is based on
curb-lane traffic volume, motor-vehicle speed, and curb-lane width, usng pesk period traffic
conditions.”” Thissiresslevel modd isaready being used in severd dities, including Arlington, Texas,
and Bloomington, Indiana. FHWA has funded a two-year research project to vaidate this method,
using videotaping and cyclig ratings. In a project for the Regiona Trangt Authority in Chicago, a
consultant team headed by Wilbur Smith Associates, that includes Allan Greenberg of the League of
American Bicydistsand others, isexploring use of videotape and acombination of revealed and Sated
preference surveys to evauate bicycle friendliness to help estimate the potentid for bike-and-ride
accessto rall stations and other trangit as part of anested logit modd. A key chalenge will be how to
relate these measures to discrete travel behavior choicein the broader context of dl travel choicesand
to develop low-cost methods for estimating bicycle stress and related factors across an entire region.
Unfortunately, the study does not appear to include measures of the potential response to guarded
bicycle parking at stations, athough this has superior characteristicsto both bicycle racks and lockers
and isthe most commonly used type of rail station bicycdle parking found in the European and Japanese
communities where bicycles are the predominant access mode to express transit.

Measures of bicycle and pedestrian “friendliness’ are essentidly measures of the utility offered
by these modesin different contexts. It isdifficult to come up with Smple but consistent measuresthat
can apply to the wide range of travelers who under varying conditions might choose or not to use a
bicycle or to increase their propendity to walk. Market choice modeling techniques provide vauable
tools to measure the sgnificance of various factors in explaining travel behavior, including traveler
response to changes in the pedestrian and bicycle environment and the larger trangportation and land
use system.

A Data Collection Case Sudy of Portland, Oregon, isto be prepared with support fromthe
federa Travel Modd Improvement Program to illustrate the gpplication of leading edge, State- of-the-
practice data collection to devel op transportation models, including non-motorized modes.*® However,
further research focused more specificdly on how to measure non-motorized transportation utility
factors and their variance among different types of travelers will be needed to advance codt- effective
data collection and modd development in a greater number of regions.
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X. Recommended Steps Forward

There is a criticd need for improved andyss tools to evauate the effects of bicycle and
pedestrian projects and programs on travel demand and how these interact with broader changesin
transportation system performance and codts, land use, and urban design. There is a paradigm shift
underway in trangportation modeling, with ashift awvay from aggregete andysis of motor vehicle travel
towards discrete choice mode s based on microsmulation of activitiesand timeuse. Thenew paradigm
seeks to congder the entire spectrum of travel modes, time-of-day of travel effects, trip chaining, life-
cycle effects, urban desgn factors, pricing sengtivity, and the potentid for communications and
information s/stems to affect travel choices™ The Federd Travel Modd Improvement Program
(TMIP), coordinated by the Texas Trangportation Ingtitutewith DOT and EPA funding, hassince 1993
been supporting research on new modeling techniques and training for transportation modeers. TMIP
has recognized the need to integrate non-motorized travel into mode devel opment and research and has
documented some of the U.S. experience with this. However, it has not undertaken any projects
designed to advance the state-of-the-art in this area.

TMIP sadvanced modd development track isfocused on the TRANSIM S smulation moddl
development at Los Alamos Nationa Lab, using supercomputers to do advanced microsmulation of
activities, travel behavior, and emissons. It is important that this work fulfill its early promise to
incorporate explicit representations of walking and bicycling and the environmenta factors shaping use
of thesemodes. There has not been evidence of such progressto date, but the project isstill only two
years into its five year work program and a practica gpplied modding systemis gill some time off.
DOT should ensurethat thiselement isintegrated into TRANSIM S and shows progressin the coming
year. Theinvolvement of an expert in non-motorized transportation modeling asasubconsultant to this
project should be sought to ensure that a sound approach is taken in this important research and
development project. TRANSIMS eements should be tested in the context of a community where
ubgtantidly higher than typicd use of non-motorized modesisin current evidence to give asuitable
empirica basisfor development of these modd eements. Current TRANSIMStesting in the Ddllas-
Fort Worth region is not satisfactory in meeting this requirement. Progress in TRANSIMS to date
appears to be imbaanced, focusing early gpplications on traffic mulation while activity andyss and
system eements for multi-moda evauation appear to belagging. Thisis of growing concern to the
environmental community and should be addressed by the TMIP program managers and Los Alamos.

An immediae priority should thusbefor the demonstration of advanced state-of-the-art travel
moddswith substantialy greater incluson of pedestriavbicycletravel factors, working in one or more
regionswhere dataand agency interest can support rapid and efficient progress. While severd planning
agencies and researchers are interested in developing improved models sengtive to pedestrian and
bicydefriendlinessfactors, progress has been limited by alack of funding for pilot projectswith sucha
Specific objective.

Unfortunady, at many other planning agencies, trangportation model ers continueto regard the

incluson of pededtrian and bicycle travel and factorsin regional models as alonger term objective to
satisfy pressuresfrom stakehol der groups, not as something vitd to addressin current modd refinement
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work. Itisimportant that federa research funding not focus solely on how to advance the state- of - the-
art, but aso on how to quickly improve the unacceptabl e current trangportation modeling practicesthat
commonly ignoreor unfairly disparage the potentia for pedestrian and bicycle programsto make cost-
effective contributionsto improved air qudity, traffic congestion relief, and traffic safety. Thus, asecond,
related area for research funding should dso be immediately pursued. Thistrack should develop and
document methods for near-term improvement and disseminate them to modeling practitioners.

As the advanced modeling track progresses, it will provide empirical support for further
development of the quick-fix modeling track and integration of these two approaches. It would be
desirable to support coordinated advanced travel model development work in two or more regions
concurrently to help assure progressin this area of travel mode improvement and to provide thebasis
for later estimating much refined multi- region modd s using logit coefficient scaling techniques. Longer
term diffusion of these pedestrian/bicycle sensitive mode swill be accelerated if transferable multi-regon
modeling techniques are developed for both sketch analysis and more detailed evauation systems.
Once a new generation of advanced travel modes has been developed with broader sengtivity to
factorsthat can be measured using GI S techniques and data, it should be possibleto calibrate on these
datasatsrefined sketch mode sthat build on the quick-response methods and surrogate data sets used
in the quick-fix track. Thisofferspromisefor improving the transferability of models between regions.

On the basis of thisreview, two specific and inter-related areas of work are recommended as
immediate high priorities for research, development, and demongtration funding, one to advance the
state-of-the-art in severa regions where adequate data and model development expertiseis readily
available and the other to provide more typicd regiond planning agencies with improved, policy-
sengtive quick-response analysis methods that can be readily adopted anywhere.

A. Advanced Regional Models I ntegrating Non-Motorized M odes and Factors

Thiswork would support data development and analysis of factors related to pedestrian and
bicyclefriendliness and the use of these factorsin estimation of new regiond travel models. Thiswork
should be undertaken in one or more regions with a recent or about to be collected household
trave/activity survey. The survey should include asgnificant sample of walking and bicycletrips. The
region should have an established GIS thet could support estimation of measures of pedestrian and
bicycle friendliness, and should display a variety of environments for waking and bicycling. Modd
development should examine sengtivity of travel demand, both motorized and non-motorized, to
changes in stregt dlocation and design, traffic conditions, land use dendgty and mix, transportation
pricing, demographics, topography, and other factors. Street address/intersection GIS-based
georeferencing of household and employer-based travel survey records, dongwith theuse of red edtae
parcel databases and TIGER- based inventories of bus stopsand pedestrian/bicycle sysemscan enable
reaively inexpensve examination of the influence of pedestrian and bicycle environmentd quadity and
urban design on travel behavior, and interaction with other factors®

There are saverd trangportation planning agencies that have such datasets which could be
linked to estimate such pedestrian/bicycle sengtive travel demand models and where there is strong
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potentid interest in devel oping such toals, particularly if funding isavailablefor additiond consultant and
gaff time support. These include:

Sacramento, California. Dr. Robert Johnston, at the Univerdty of CdifornialDavis, has
worked extensvely with the new SACOG modd and is developing a GIS-based land
use/transportation model (TRANUS) for the Sacramento region. Gordon Gery, SACOG's
chief modeler, is dso interested in exploring ways to improve the agency's modd to non
motorized travel factors. Thereisarecent Sacramento regiona travel survey including 4000
households, which has been cleaned up by severd people, including Greilg Harvey, who
examined every individud record for surveyor and respondent errors. A smdler 2400
household sampledrawn from thissurvey, whichincdudes only househol dsreporting incomeand
ages, is used for auto ownership and mode choice model development. A 1994 on-board
trangt survey supplements this. Work in this region would likdly focus on improving and
advancing the dassica “four-step” transportation modeling process.

Portland, Oregon. Keith Lawton, Deputy Director of Planning at Portland Metro, hasrecently
managed the collection of sate-of-the-art household activity surveys throughout the Portland
region and Willamette VVdley, including Eugene, Oregon, which exhibitshigh levels of bicyding.
He has collected dataon 440 bicycle trips out of 2200 householdsin the Portland region, and
observed a 9% walk mode share for totd travel (with variance from 5% to 29% of trips
between different areas of the region). This 1994 survey data are now undergoing detailed
cleaning and andysis for modd development work in 1995-96. Metro has aready begun to
evauate indicator variables usng a Gl Sto replace the cruder Pedestrian Environment Factor.
Metro's next generation mode s will likely represent atrangtional approach that incorporates
many of the dements of activity andyss and microamulation, while retaining some of the
framework of more classica methods.

Boston, M assachusetts. John Bowman, a Ph.D. candidate at Massachusetts I ngtitute of
Technology and a student of Moshe BentAkiva, who isaleader inthefield of discrete choice
modeling theory and applications, in early 1995 devel oped aproposa for advanced modeling
methods senditive to pedestrian and bicycle factors. It has not yet secured any funding but
merits support. Thiswork could be readily conducted in the Boston region, where there is
growing loca government support for traffic cdming and other Srategies supportive of non
motorized trangportation. Moshe Ben- Akivaand John Bowman presented apaper at the 1995
Trangportation Research Board (TRB) Annua Meeting on hisactivity based modeling research
and modd development, which has been widely praised as innovative and practica.* This
pedestrian/bicycle work would build on that new framework, which is at the cutting edge of
goplied regiond modding.

Denver, Colorado. The City of Boulder, Colorado, and the Denver Regiona Council of
Governments (DRCOG) is another possible venue for such research, with arecent household
travel survey for Boulder County that coversaportion of the region and exhibitswide variation
in bicycle and pededtrian travel and conditions, with very high non-motorized travel ratesin
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central Boulder. DRCOG hasaGI S but has not evaluated pedestrian and bicycle friendliness
factors. DRCOG plansanew regiona household travel survey in 1996, since one hasnot been
conducted for many years. Following thissurvey, DRCOG plansto develop anew generation
trangportation modeling system. Work inthisregion would likely befirmly rooted inthe dasscd
four-step modeling gpproach, but might bring in some of the concepts of activity anadysséefter a
new regiona travel survey has been undertaken and processed in 1996-97.

B. Quick-Response M odels Sensitive to Pedestrian and Bicycle Travel Factors

Mogt U.S. communities lack the modeling tools and datafor development of sate-of-the-art
trangportation mode s sengtive to non-motorized trave factors. Whilethey could and arguably should
invest in expeditious development of such toals, the redity isthat they will likely take severd yearsto
upgrade their current model sto meet current best practices, which till fal quite short of what isneeded
for evauation of pedestrian and bicycle programsand Strategies. Thus, it isimportant for DOT/EPA to
aso support near-term quick-fix drategies for adjusting typica regiond four-step computer
transportation model s to correct for their lack of sengtivity to pedestrian and bicycle travel factors.

Empirica measurement and analysis drawn from regions in North America and esewhere
exhibiting widdly varying levelsof non-motorized travel can reved much about the range of responseto
different drategies in varying contexts. This quick-response approach would seek to adapt and
synthesize available mode coefficients from regions with models sengtive to pedestrian/bicycle travel
factors, using logit modd coefficient scding.??  This work could be complemented with other
transferable parameters based on before/after evauations and cross-sectiond research studies. To
support this approach, a survey should be undertaken of U.S., European, Canadian, Audrdian, and
Japanese trangportation models and research incorporating measures related to pedestrian/bicycle
travel, building on limited research done to date. 2 Thiswill provide one basis for quick-fix modd
development.

It would be most valuable for thiswork to consder dso the interactions of pedestriarvbicycle
travel factors with related and potentidly supportive strategies, including:

improvements to the qudity of the pedestrian and bicycle environment, traffic caming,
development of traffic cdll systems, comprehensive bicycle network development;

improved bicycle and pedestrian access to and from public transportation;

market- based pricing strategies, including electronic road pricing, pay-by-the-mileautomobile
insurance and VMT-based regidration fees, parking management; and commuter choice
programs,

growth management and land use policies, induding encouragement of trandt oriented

development, accessory apartmentsfor infill, and greater pedestrian proximity to convenience
retall services.
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Congderation of these interactions can be accomplished only by integrating waking and
bicycling into thefull regiond model structure. However, experience from other regionsand sensitivity
tests usng mode s from other regions can provide the basis for estimating likely changes from basdine
conditions for specific aress.

Becauselocd dataon pedestrian/bicycletravel and conditionsare not widely available (indeed,
regiond travel surveyscommonly haveignored or undersampled non-motorized trave), it isimportant
to aso explore how universally available data can be used to devise quick response methods. * Quick-
fix” modding techniques should be grounded in basdine estimates of current conditions, preferably a
the traffic zone or census tract level. Surrogate factors could be correlated with pedestrianv/bicycle
travel to establish estimated basdline conditionsfor pivot point modding, where loca dataare limited.
For example, the datafor housing unit construction and residentia density can be drawn directly from
Census Public Use Microdata Samples (PUMS). Census TIGER file data can provide measures of
network connectivity and density. The Nationa Persond Trangportation Survey (NPTS) can provide
microsampletravel survey datafor non-work travel which can belinked to PUM S datausing Satistica
inferencefor quick deve opment of microsmulation modding toolswhereregiond travel survey dataare
lacking. Census Journey-to-Work data can provide additiona data on work travel mode shares and
other aggregate travel characteristics by small aress, with larger sample sizes.

Integrating these universally avail able data e ements can provide aframework for devel opment
of potentialy trandferable regiond microamulatiion models senstive to trangportation pricing and
pedestrian/bicycle friendliness, building on earlier work by Greilg Harvey in Cdifornia, Chicago, and
elsawhere®* Indeed, Michael Replogleand Greig Harvey arein the earliest stages of acollaboration to
explore such links in the New York metropolitan region, in cooperation with the New York
Metropolitan Trangportation Commisson (NYMTC), theregion’ s Metropolitan Planning Organization.

An gpplication for limited funding for thiswork is pending; additiona support would be most valuable

to support more extensve examination of pedestriavbicycletravel factorsintheNY region. NYMTC
itsdf continuesto work with an early 1970svintage highway modd thet isgenerdly insengtiveto transt,
walking, and bicycling, but has extensive work underway to develop alarge regiond household trave
survey infall 1995 or spring 1996 to support development of anew multi-moda regiond trangportation
modd. Michad Replogleisamember of NYMTC' stransportation modeling advisory committee and
Greig Harvey isamember of the consultant teeam for thelarger NY MTC modeling effort being carried
out by Parsons Brinckerhoff Quade and Douglas.

Thiseffort might seek to develop and document in arelatively short time anew and potentidly
transferable regional modd sengtive to the effects of changesin pedestrian/bicycle factors and other
transportation system elementson motor vehicle use. Thiscould be coded asaspreadsheet |ogit model
for pivot point analys's, accompanied by case sudy documentation, or as a set of macros that could
work with commercidly available transportation modeling software packages. These quick-fix
techniques might then be trandferred to severa other regions where they might find the grestest utility,
and this experience might be documented for further dissemination. The New Y ork metro areawould
be a good venue in which to develop and demonstrate these toals, given current opportunities, needs,
and data congtraints.
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It may aso be useful to consider other regionsthat present potentialy promising opportunities
for advanced or quick-fix model development or to demonstrate how techniques can be successfully
transferred between regions. Cooperative agreements and small pilot grants to loca governments,
MPOs, state DOTS, universities and non-governmenta organizations, as well as targeted contract
technical assstance could beacatalyst for progressintheseregions.  Such opportunities might include
Chicago, where work could build on the effort now being done for the RTA; northern New Jersey,
where aRoute 1 Trangportation Collaborative project is getting underway and might focus on enhanced
evauation of pedestriarvbicycle srategies, one or more citiesin Florida, wherethe State DOT hasbeen
working for years to improve pedestrian and bicycle conditions and aso supports a Satewide travel
model; Montgomery County, Maryland, where extensve survey and GIS data sets have been
developed but not fully exploited; or other regions.
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